calf serum (FCS), 2% L-glutamine, 100 IU/mL penicillin, 100 µg/mL streptomycin, 161 and 1% amphotericin and seeded with a density of 4 x 10 4 cells/cm 2 .
162
PSC were cultured at 37°C in a 5% CO 2 humidified incubator. The medium consisted 165 of DMEM/Ham's F12 (1:1, vol/vol) with 10% FCS, 2% L-glutamine, 100 IU/mL 166 penicillin, 100 µg/mL streptomycin, and 1% amphotericin. Medium was changed the 167 day after seeding and each second day thereafter. After reaching confluency, cells 168 were subcultured after trypsinization using a 0.025% trypsin solution containing 169 0.01% ethylenediaminetetraacetic acid (EDTA) in phosphate-buffered saline (PBS) . 170
To study cell proliferation and matrix synthesis, cells were seeded in 24-well plates (2 171 cm 2 /well; 1 mL medium; 30-50 x 10 4 cells/cm 2 ). To perform immunofluorescence 172 microscopy, cells were seeded on 1-cm 2 glass coverslips in 6-well (10 cm 2 /well; 2 mL 173 medium) plates (two to three glass coverslips per well). The purity of PSC 174 preparations was assessed on the basis of translucent fat droplets in the cytoplasm, 175 their typical stellate-like morphology, and after passage by stainings of vimentin 176 (100% positive), desmin (20-40% positive) and α-smooth muscle actin (>90% 177 positive) (5). 178
179

Demonstration of PAC apoptosis 180
Within 1 h after cell isolation alcohol and fat (VLDL) were added either separately or 181 mixed to cultured PAC. 6 h after the addition of alcohol and/or VLDL PAC were 182 washed carefully with PBS and fixed for 1 h in PBS-buffered 4% formaldehyde. After 183 washing non-specific binding was blocked with TNB-buffer (10 mM Tris, 150 mM 184 NaCl, 0.5 % bovine albumin, pH 7.4) for 45 min at room temperature (RT) . 185
Annexin-V-binding: fixed PAC were incubated with biotinylated Annexin-V (diluted 186 1/30 in TNB with 2 mM CaCl 2 ) for 1 h at RT, washed (3x) with TBT-buffer (TBS-buffer 187 containing 0.05% Tween 20 and 2 mM CaCl 2 ), and then incubated with streptavidin-188 phycoerythrin (1/100 in TNB with 2 mM CaCl 2 ) for 1 h at RT. After washing with TNT-189 buffer in the presence of CaCl 2 , nuclei were counterstained with 5 µM Hoechst 33258 190 for 30 min at RT. Time-lapse-microscopy of Annexin V-binding: using time-lapse microscopy Annexin 209 V-binding was observed and digitally recorded during the next 6 h after addition of 210 VLDL and alcohol. Each 30 min a picture of the same area was taken using a 211 motorized inverted research microscope (Olympus IX81) equipped with a humidified 212 CO 2 incubator and digital camera. 213
Furthermore Trypan blue exclusion and LDH-activity in the supernatant were used to 214 ensure >95% viability of the PAC throughout the experiment. 215
216
Determination of fibronectin synthesis 217
Fibronectin concentration in PSC supernatants was measured by time resolved 218 fluorescence immunoassay as described (16, 23, 24) . Fibronectin concentration was 219 put in reference to the DNA content in the corresponding culture well. All 220 measurements (standards, controls and samples) were repeated. Deviation resulting 221 by the double measurement was between 0.5 and 5% and did not exceed 8%. 222 glass coverslips -were incubated with 120 µl/ml acinar cell conditioned media. After 227 48 h PSC cultures were acetone fixed and immunostained for collagen types I, III and 228 fibronectin as described earlier (24) . 229 TSA reagent was used for staining the collagens. For collagen type I the staining 230 sequence was rabbit-anti-rat-collagen I (1:20), anti-rabbit HRP (1:50); biotin-TSA-231 reagent (1:50) and streptavidin-FITC (1:100). The staining sequence for collagen 232 type III was biotin-anti-rat collagen III (1:20), SA-HRP (1:50); biotin-TSA-reagent 233
(1:50) and streptavidin-FITC (1:50). Fibronectin was stained using rabbit-anti-234 fibronectin (1:50), biotin-anti-rabbit (1:50) and streptavidin-FITC (1:50). Nuclear 235 counterstaining was performed using Hoechst33258. Staining was observed using 236 epifluorescence microscopy (C.Zeiss, Oberkochen, Germany). Photographs were 237 taken using Ektachrome 400 film. To compare different staining intensities exposure 238 time was always the same. Non-specific staining was controlled by including rabbit-239 non-immune serum instead of specific first antibody. 240
The average staining intensity per picture was measured using Cell R Imaging 241 96-well microtiter plates (Nunc-Maxi Sorp, Roskilde, Denmark) were coated overnight 247 at 4°C with gelatin (10 µg/mL) in coating buffer (0.05 M NaHCO 3 , pH 9.1) and 248 thereafter blocked using assay buffer (0.005 M Tris, 0.15 M NaCl, and 0.5% 249 radioimmunoassay-grade albumin, pH 7.5). One hundred microliters of standard (19 -250 5000 ng/mL) and culture supernatants diluted in assay buffer (1/20 to 1/200) were 251 added and incubated for 3 h at RT. Thereafter, the plates were washed four times 252 with 0.05% Tween 20 and NaCl solution (0.9%) followed by incubation for another 3 253 h with a monoclonal mouse anti-cellular fibronectin (anti-cFN) (diluted 1/1000 in 254 assay buffer). After four washings, the plates were incubated for 2 h with the second 255 antibody (100 µL/well; biotin-labeled anti-mouse IgG diluted 1/1000 in assay buffer). 256
Thereafter, a Europium-labeled streptavidin (diluted 1/1000 in assay buffer) was 257 added and incubated for 1 h. After five additional washing steps, 200 µL
Results
292
A. Pancreatic acinar cells (PAC) 293
More than 95% of PAC survived in culture media for at least 4 h. To see whether 294 ethanol or VLDL or a combination of both induce acinar cell injury we added ethanol 295 (0.1, 0.5, 1.0% v/v) and human VLDL (20, 50, 100 µg/ml) alone or together to freshly 296 isolated PAC in culture and measured the enzyme activities of LDH, amylase and 297 lipase at different time points in cell supernatants. The culture media were aspirated 298 5 min, 2 h, 4 h and 6 h after addition of ethanol and VLDL. As shown in Fig.1 50 299 µg/ml VLDL (with and without 0.5% ethanol) increased LDH (Fig.1A) , amylase 300 ( that VLDL is not contaminated by LPS/endotoxin, the Limulus Amebocyte Lysate 308 (LAL) gel-clot test was performed. All of our VLDL preparations were negative for 309 LPS. In addition, to see whether LPS could induce similar effects as VLDL or VLDL 310 plus ethanol on isolated rat PAC, 10 ng/ml LPS was added to the cultured PAC, the 311 activity of LDH, amylase, and lipase was measured after 6 h. Comparing with control 312 medium, neither LPS nor LPS plus ethanol induced an increase of LDH, amylase, 313 and lipase. In strong contrast, VLDL or VLDL plus ethanol induced a dramatic 314 increase in all the three enzymes in the cultured PAC medium (Fig. 1D) . 315
As shown in Fig.2A PAC metabolized ethanol. Ethanol concentration in cell 316 supernatant decreased to 50% of the initial concentration within 3 h. The presence of 317 VLDL did not influence the magnitude of ethanol metabolization (Fig. 2D) . 318
Acetaldehyde which is produced by PAC through ethanol oxidation is released in part 319 into cell supernatant. We measured acetaldehyde in cell supernatant (Fig. 2B ). The 320 fact that (i) acetaldehyde vaporizes already above 20 o C and (ii) part of the 321 acetaldehyde is metabolized intracellularly to acetate and acetyl-CoA might explain 322 the discrepancy between ethanol decrease and acetaldehyde increase. In addition,combination of ethanol and VLDL (Fig. 2C) . TORC of pancreatic acinar cells 327 decreased significantly within 4 h after VLDL and ethanol exposure (Fig. 2C) . The 328 reduction of TORC was not observed after addition of both compounds alone (data 329 not shown). 330
Because VLDL are degraded to fatty acids, cholesterol, glycerol and peptides by 331 enzymes produced by acinar cells, in the next set of experiments we added complete 332 VLDL or edVLDL to cultured PAC. Malondialdehyde (MDA), which is produced by 333 reactive oxygen species through degradation of polyunsaturated lipids, increased 334 significantly within the first hour of alcohol exposure when either VLDL or edVLDL 335
were present (Fig. 3A , p ≤ 0.01). In the absence of ethanol VLDL did not influence 336 MDA production (data not shown). The increase in MDA was completely inhibited by 337 the antioxidant Trolox (a water soluble vitamin E analogue) (Fig. 3A , p ≤ 0.01). 338
The direct assessment of radical production was performed using a 339 chemoluminescence method. This set of experiments demonstrated a stimulated 340 radical production as early as 10-15 min after addition of enzymatically degraded 341 VLDL (edVLDL) (Fig. 3B) . Ethanol accelerated and enhanced radical production in all 342 12 experiments performed (Fig. 3B) . In all experiments the peak showed up earlier 343 and higher compared to edVLDL alone. Radical production was markedly reduced by 344
Trolox (data not shown). 345 346
Because ethanol in combination with VLDL induced oxidative stress and cell injury 347 (change in cell morphology, shrinking, lysis, LDH-release) the next experiments 348 should answer whether apoptosis and/or necrosis is induced in cultured PAC by 349 ethanol in combination with VLDL. As shown in Fig. 4 after 6 h in culture there was 350 no sign of apoptosis (Apo2.7 expression, Annexin-V binding, positive TUNEL 351 reaction) in control-PAC (Fig. 4A , B, C) and only very few cells showed apoptosis 6 h 352 after addition of 0.5% ethanol (Fig. 4D , E, F) or VLDL (Fig. 4G, H, I ). However, the 353 combination of alcohol and VLDL strongly induced all the measured apoptosis 354 markers (Fig. 4J , K, L). As expected the antioxidant Trolox (Fig. 4M, N, O) and the 355 iron-chelating compound Desferal strongly inhibited apoptosis induction. Higheramounts of VLDL (>100 µg/ml) rather led to necrosis than to apoptosis (not shown). 357
Time-lapse-microscopy demonstrated apoptosis of PAC as early as 2 h after addition 358 of VLDL/ethanol (Fig. 5D ). At that time point apoptosis was absent in control PAC 359 (Fig. 5C ). Apoptosis increased during the following 4 h in VLDL/ethanol treated PAC 360 (Fig. 5F, H) . At 6 h almost all PAC were apoptotic or necrotic (positively stained for 361
Annexin-V, Fig. 5H ). 362 treated with ethanol and/or VLDL stimulate PSC proliferation and matrix synthesis. 367
Acinar cell supernatant with and without ethanol and/or VLDL was therefore added to 368 cultured subconfluent PSC. PSC proliferation was measured by BrdU-incorporation 369 and matrix synthesis was demonstrated by immunofluorescence microscopy and 370 fibronectin immunoassay. 371
As shown in together with VLDL/ethanol/ to cultured PAC (Fig. 6) . 378 By immunofluorescence microscopy we demonstrated that these stimulated stellate 379 cells abundantly synthesized cell-associated extracellular matrix such as fibronectin 380 and collagen type I and type III (Fig. 7) . Depending on the components added to 381 cultured acinar cells (ethanol < VLDL < ethanol+VLDL) the magnitude of stimulated 382 cell associated matrix is defined (Fig. 7) . The most intense stimulation of PSC 383 associated extracellular matrix was observed after adding supernatants of acinar 384 cells treated with ethanol and VLDL (Fig. 7M, N, O, P) . Even though alcohol is causing the disease in almost half of the patients with acute 398 pancreatitis and more than 70% of chronic pancreatitis, it was not possible under 399 experimental conditions to induce any of these diseases only by alcohol. The 400 conclusion of all these experiments was that alcohol is acting as a co-factor or at 401 least needs a co-factor to induce the disease, meaning that there are some co-402
conditions necessary to induce pancreatitis (20). The clinical experience that alcohol 403
is mostly consumed together with fat enriched meals led to the experimental design 404 of this study. Alcohol caused already a certain amount of free radical production in 405 vivo (31). Alcohol has recently been found to cause cellular damage by free oxygen 406 radicals in the gastrointestinal mucosa (6), in the liver (22, 28), and in the pancreas 407 and apoptosis of PAC after chronic alcohol and fat diet feeding in rats (27). This is 413 somewhat opposite to the general belief that polyunsaturated fatty acids are always 414
beneficial for human health (20). 415
We show that addition of VLDL alone or in combination with ethanol to cultured PAC 416 gradually increased amylase, lipase and LDH activity in cell supernatants. Ethanol 417 alone did not show any effects on the activity of these enzymes. However, because 418 also LDH activity increased in parallel to the enzymes amylase and lipase we 419 suggest that the enzyme release is not a consequence of enzyme secretion but a 420 result of cell injury. This interpretation is supported by 2 other sets of experiments. that non oxidative metabolism of ethanol generating fatty acid ethyl esters might also 431 play a role in cultured PAC. We conclude from these and our data, that part of 432 ethanol is metabolized by nonoxidative pathways by PAC in particular in the 433 presence of fatty acids to form fatty acid ethyl esters (see Fig.9 ). 434
It was interesting to learn that supernatant of ethanol/VLDL-treated acinar cells 435 activate pancreatic stellate cells to proliferate (Fig. 6 ) and produce extracellular 436 matrix (Fig. 7, Fig. 8 
